ABSTRACT: Eutropis multifasciatus (Kuhl, 1820) is a common species in Vietnam, the knowledge of ecology of this terrestrial viviparous skink is still poorly known. In this study, we focused on the feeding ecology of E. multifasciatus to understand spatial, temporal, and sexual variations in the dietary composition of E. multifasciatus. A total of 323 food items, viz. 288 animal items and 29 plant items were found in 176 stomachs of skinks. The most numerous prey items of E. multifasciatus were spiders, insect larvae, grasshoppers, and crickets (with an importance index of 51.4%). The total volume of food items consumed by males was greater than that consumed by females (P=0.028), and the volume of food items in the dry season was greater than in the rainy season (P=0.002). The rarefaction curves for prey category richness were higher in females than in males for both occurrence frequency and count of items.
INTRODUCTION
Central Vietnam belongs to the Indo-Burma region, that is considered to be one of the biodiversity hotspots of the world [6] . There are more than 10,000 recognized species of worldwide distribution [12] , of those reptiles are an important component of the global biodiversity and play a significant role in natural ecosystems. They inhabit both aquatic and terrestrial habitats and additionally, food habits of lizards offer essential information for constructing food webs [2, 9] . Dietary variation can provide additional insights for our understanding of life history features, resource and habitat use, and interspecific interactions of species [7] . However, the vast majority of studies on lizards have been conducted on fewer than 10% of extant species [9] .
Information on the feeding ecology of Eutropis multifasciatus (formerly Eutropis multifasciata), a terrestrial viviparous skink, is still lacking even though its terrestrial habitats have been determined as important to herpetological conservation programs [9, 13] . Previous studies of lizards in central Vietnam have focused primarily on taxonomy. While several studies of the dietary ecology of lizards have been completed, only a few species were included. Thus, studies of feeding ecology, including an estimate of spatiotemporal and sexual variations in the dietary composition of E. multifasciatus, are valuable to gain insight into their ecology and population status and to inform management and conservation plans for this species.
In this study, we investigated the dietary ecology of E. multifasciatus in the mountain and midland regions of Thua Thien-Hue province. We evaluated variations in the composition of prey items of E. multifasciatus from different geographic areas, seasons, and sexual groups. In addition, the correlation in size between predator and prey was also examined. We tested the hypothesis that individuals sampled from different geographic areas, different seasons, and sexes differed in prey consumption. The prediction is that the dietary composition of E. multifasciatus would differ among seasons and between sexes because mouth sizes of skinks (width and gape) are positively correlated with prey sizes found in their stomach [9, 13] .
MATERIALS AND METHODS

Sampling
Field surveys were conducted from October The bulk of our search effort was carried out during daytime between 08:00 and 16:00 when the skinks are active, particularly in sunny days. Specimens were collected by hand, rods, and pitfall traps along survey transects, each transect approximately 3 km in length, in different habitat types from villages, open areas, riparian forest, plantations, and fields (e.g., ricefields, cornfields, and sugar-cane fields). Each captured skink was kept in a labelled bag.
Measurements and statistical analysis
In the laboratory, we euthanized skinks with a solution of Chloroform the same day that they were collected. Measurements were taken with digital calipers (Mitutoyo, Japan) to the nearest 0.01 mm: snout-vent length (SVL), tail length (TL), and mouth width (MW). Body mass (BM) was measured with an electronic balance (Prokits, Taiwan) to the nearest 0.1 g. We separated and fixed in 10% formalin stomach contents within two days prior to the analyses. Prey items were identified to the lowest possible taxonomic level (mostly to the order but sometimes to the family level). We follow the keys and descriptions in Pechenik (2014) [8] for the identification of insect groups and Johnson & Triplehorn (2005) [3] for the nomenclature. Plant materials were considered food categories of E. multifasciatus, remains of abiotic materials (e.g., sand, stones, and plastic parts) were excluded from the analyses. The length (head to thorax) and width (at widest centrally located section) of the body of each prey item was taken.
The index of relative importance (IRI) was used to determine the importance of each food category. This index provides a more informed estimation of food item consumption than any of the three components alone by using the following formula [1, 7] :
Where F is frequency of stomachs that contain a particular food item, N is the total number of the food item in relation to all food items, and V is the total volume of the food item.
To estimate heterogeneity of food items among localities and between sexes, the Simpson's index of diversity (Simpson, 1949) [11] was used:
Where n i is the number of food items in the i th taxon category and N is the total number of food items, S is the number of prey taxa in the sample [5] .
We also adopted the reciprocal Simpson's heterogeneity index, 1/D (Simpson's reciprocal index), to calculate the dietary breadth of E. multifasciatus.
The Shannon's index of evenness was used for estimating evenness:
The maximum diversity (H max ) that could possibly occur that would be found in a situation where all taxa had equal abundance (H'=H max =ln S), S is the total number of prey taxa, and H' is the Shannon index of taxon diversity. In there, the value of H' is calculated from the equation:
Where the quantity p i is the proportion of total food items belonging to the i th taxon for the total food items of the sample [5] .
The rarefaction method were used to estimate the diversity of diet between males and females. We estimated expected prey taxon accumulation curves [4] and interpolated their 95% confidence intervals using the Software for Ecological Methodology (New York, USA). We standardized all samples using the rarefaction method from the diet of male and female skinks to a same sample size using the modified algorithm by Simberloff (1972) [10] as follows:
Where E(S n ) is the expected number of prey taxa in a random sample of n prey items, S is the total number of prey taxa in the entire collection from stomach contents, N i is the number of prey items in the i th taxon, N is the total number of prey items in the entire collection, n is the value of sample size (number of prey items) chosen for standardization (n ≤ N), and =N!/n!(N-n)! is the number of combinations of n prey items that can be chosen from a set of N prey items. For the variance of the expected number of prey taxa, var (S n ), in the random sample of n prey items in this present study was calculated following Krebs (1999) [4] .
Correlation in size between skink and prey items was analyzed with the software STATISTICA 10.0 (StatSoft, Tulsa, Oklahoma, USA) for Windows 7 with the significance level to P ≤ 0.05. We used the one-way analysis of variance (ANOVA) to test the number of stomachs collected, prey size (length and width), and volume between seasons, localities, and sexes. We used the multivariate analysis of variance (MANOVA) to examine the effects of season and site on the volumes of major food items. We log 10 -transformed data on mean size of food items per skink to normalize distributions prior to statistical analyses. To determine if size differences of food items between sexes were due to differences in size of skinks (SVL), we first calculated residuals using log 10 (SVL) to remove the effect of SVL, then performed an analysis of covariance (ANCOVA) on the residuals with SVL as a covariate. All data are presented as mean±standard deviation (SD) unless otherwise noted. The number of prey categories was the same in males and in females (16). However, the diversity index of consumed prey and the evenness index were significantly higher in females (diversity index of 9.12 with an evenness index of 0.88) than in males (diversity index of 6.72 with an evenness index of 0.81). Prey category richness was also higher for females than for males in both occurrence frequency ( fig. 2a) and number of items (fig.  2b ). Female skinks have higher rarefaction curves (prey category richness per fixed number of individuals is higher in this sex). One essential problem in community ecology that frequently appears in comparing the samples of communities is that they are based on different sample sizes (sample size of prey items). In fact, we do not know immediately which community has higher species richness if we only base our estimates on the number of species and the number of individuals between two communities. One way to resolve this problem is to standardize all samples from different communities to a common sample size of the same number of individuals [4] .
RESULTS AND DISCUSSION
The most abundant prey categories (i.e. IRI ≥ 11.3) of E. multifasciatus were spiders, insect larvae, and grasshoppers and crickets, accounting for 48.0% of occurrence frequency, 51.7% of the number of prey items, and 54.4% of the total volume, with an index of relative importance of 51.4% (Table 1) . Based on the importance index of the diet of E. multifasciatus, such as Araneae, insect larvae, Orthoptera, Coleoptera, Hymenoptera, Lumbriculida, Achatinidae, and plant materials, were the most important food items (i.e. IRI ≥ 5.18). Using two-factor MANOVA to examine the effects of season and site on the variance in the volumes of major food items (i.e. IRI>5. 
CONCLUSION
The Common Sun Skink is an omnivorous species, the most common prey items of this species were spiders, insect larvae, and grasshoppers and crickets, with a combined importance index of 51.4%. Simpson's index of diversity and Shannon's index of evenness were higher in females than in males. Prey category richness was higher in females than in males in both occurrence frequency and number of items. Temperature, moisture, and precipitation were significantly correlated with the size of prey items, number of items, and volume consumed by skinks.
